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A passive audience: Since universities have existed, professors have been lecturing in front 
of students, but education research shows that alternative approaches are more effective in 
terms of improving learning and curbing dropout rates. (Photo: Wikimedia Commons.)In the US, higher education in the 
life sciences is being overhauled. 
There is now a move both to change 
the way we teach biology students, 
emphasizing more engaging 
approaches, and to clearly define 
what it is a student should know. 
And for advanced degrees, there is a 
push to prepare students for a range 
of possible career paths, not just the 
tenure track. Cyrus Martin reports.
The life sciences as a discipline has 
seen dramatic changes recently, 
including advances in technology, 
greater cross-pollination across 
fields, and an ever-increasing 
knowledge base. In response, 
educators have been forced to 
adapt to better prepare the next 
generation of biologists. As a 
case in point, in 2003 the National 
Academies in the US published a 
report called BIO2010, which, among 
other recommendations, called 
for increased exposure of college 
biology students to mathematics and 
computer science, a reflection of 
the increasingly quantitative nature 
of biology. More recently in the US 
there has been a response to two 
other looming problems — firstly, 
the antiquated way in which biology 
is taught and, secondly, an over-
allocation of the work force to the 
faculty/research career track.
The first problem is not specific to 
biology. Most of the sciences, and in 
fact most disciplines at the university 
level in general, have continued to 
rely on the time-honored practice 
of a professor lecturing in front of 
a large auditorium of students who 
passively sit and listen, or at least 
pretend to. But there is a large body 
of research showing that there are 
other, more effective approaches to 
teaching. Chief among these is the 
so-called active learning method 
that flips the traditional classroom 
on its head and makes the student a 
more active participant in their own 
education, rather than a passive 
vessel that information is poured 
into. Prompted by a recent national 
conference that brought educators 
from around the country under one 
roof, there is now an active reform 
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into life science 
educationmovement in the US whose goal 
is both to clearly define what a 
biology student should know and 
to encourage the adoption of active 
learning approaches.
 The second problem concerns 
a mismatch between the numbers 
of biology PhDs and tenure-track 
faculty positions available. Most PhD 
programs in the US train students for 
academic careers, but for years it’s 
been clear that only a small fraction 
of these students end up in tenure-
track positions. In 1993, only 34% of 
PhDs attained such positions, and 
that number has dwindled to 26% 
today. It is true that perhaps not all 
of these PhDs aspired to tenured 
positions in the first place, but 
the fact that the training system is 
geared towards an academic career 
leaves students unprepared for their 
more likely occupations outside of 
academia. In response, the NIH has 
launched a program that funds the 
development of new doctoral training 
programs, ones that present students 
with an array of possible careers 
early on and provide them with the 
skills specific to these jobs.
The flipped classroom
Active learning encompasses a 
wide variety of teaching techniques 
that push the student to actively 
engage in the learning process. In 
this flipped or upside-down class as 
they are often called, the teacher, 
not the student, plays the more passive role but may often intervene 
to test students’ understanding of a 
topic. For example, the class might 
be introduced to a concept, such 
as speciation, in one context and 
then asked to answer a question 
on the same topic but presented in 
another context, forcing the student 
to demonstrate a deeper conceptual 
understanding. In such a scenario, 
the class could be divided into 
subgroups so that students interact 
and work through the problem 
together. At the end of the session, 
the teacher might then call on 
students to explain their solutions 
in front of the class. All of this has 
the aim of jump-starting the learning 
process, which can stagnate in the 
traditional lecture format.
One important aspect of active 
learning is an emphasis on continual 
feedback to gauge how students 
are progressing. This can be 
achieved the old-fashioned way 
with the teacher simply calling on 
students to answer questions, but 
increasingly teachers are using 
more modern tools. An approach 
gaining popularity, for example, is 
the use of wireless clickers, where 
students can be periodically tested 
throughout the ‘lecture’ and the 
information fed into a database 
for later analysis. The teacher can 
then more effectively judge the 
efficacy of their course design 
and compare with courses that 
are run in parallel using different 
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Engaging students: There is a push in the US to implement active learning in the classroom. 
In one iteration of this approach small groups of students work together to find solutions to a 
problem presented in class. (Photo: courtesy of Sandy Leander.)approaches. There are many studies 
demonstrating that active learning 
achieves better outcomes than 
the traditional lecture format, but 
most recently Scott Freeman and 
colleagues from the Universities of 
Washington and Maine published a 
metanalysis of 225 studies across 
the science, technology, and math 
(STEM) disciplines that indicated a 
6% gain in exam scores (Freeman 
et al. (2014). Proc. Natl. Acad. Sci. 
111, 8410–8415). What’s more, 
the dropout rate was 55% higher 
in the lecture format, suggesting 
that the adoption of active learning 
approaches might aid in the goal 
of adding more STEM graduates by 
keeping students in biology degree 
programs, a key priority set down by 
US policy makers.
Vision and change
Over the years, there have been 
numerous calls in the US from 
distinguished bodies, like the 
National Academies, to adopt active 
learning approaches, but these 
have largely fallen on deaf ears. In 
2009, however, the NSF and AAAS 
invited more than 500 educators 
from around the country, both faculty 
and administrators, to discuss how 
best to reform the teaching of the 
biological sciences at the collegiate 
level. The conference was entitled 
Vision and Change in Undergraduate 
Biology Education. Now, for the first 
time, a large group of educators 
working in the trenches were 
included in the discussion, and these 
stakeholders resoundingly agreed 
that active learning approaches 
needed to be implemented. But, 
perhaps even more fundamentally, 
the conference attendees felt that 
there needed to be a more clearly 
defined set of concepts that a 
graduate in biology should be 
familiar with. 
As things currently stand, biology 
departments around the US develop 
their curricula in an insulated 
manner, raising the possibility that 
there could be variability in terms 
of where emphases are placed, or 
perhaps a general trend to focus 
on some subjects at the expense of 
others. For example, Sean Carroll, an 
investigator at the Howard Hughes 
Medical Institute (HHMI) and the 
institute’s Vice President for Science 
Education, commented, “It is my 
view that there is a significant divide between the molecular and cellular 
bioscience and the evolution/ecology 
communities. And many undergrads 
majoring in the former get short 
changed with respect to the latter.” 
Carroll added, “I feel that undergrad 
curricula in biology in the US are 
not broad enough for the future. 
There is still a huge influence of 
undergraduates seeking preparation 
for medical fields that tilts the 
curriculum.” 
One of the obstacles to reform 
is a lack of data. Sara Brownell, an 
education researcher at Arizona State 
University who specializes in the life 
sciences, says “Right now we don’t 
know exactly what is being taught 
in most biology programs across 
the country. Some universities have 
gone through procedures to identify 
what is taught based on course 
syllabi, but that’s a really rough 
approximation. Looking at a course 
syllabus that says that lecture 3 is 
about photosynthesis doesn’t tell you 
what big ideas or minor details will 
be covered. It is a step in the right 
direction, but as far as I know, there 
has not been a national movement to 
do so — it’s at the scale of individual 
departments.”
To address the need for a common 
curriculum, the attendees of Vision 
and Change came up with five core 
subjects that biology students should 
receive instruction in: evolution; 
structure and function; information flow, exchange, and storage; 
pathways and transformations of 
energy and matter; and systems. The 
idea is that universities shouldn’t 
necessarily feel compelled to 
march in lockstep together but 
competency in these subjects should 
be a common goal. The next step 
is implementation, and to facilitate 
this the NIH, NSF, and HHMI have 
partnered together to form the 
Partnership for Undergraduate 
Life Sciences Education (PULSE), 
the mission of which is to help 
biology departments enact the 
recommendations of Vision and 
Change, assuming they are willing 
participants. PULSE will provide 
an array of resources, such as 
workshops on active learning, that 
will aid in the implementation of the 
recommendations that emerged from 
the conference. 
One key hurdle departments face is 
trying to determine how closely they 
are aligned to Vision and Change. 
In particular, they will need to be 
able to assess what their graduating 
seniors actually know and where the 
deficiencies may lie. To help them do 
this, one of the mandates of PULSE is 
to develop assessment tools. As part 
of a multi-institution collaborative 
team, Brownell says, “we are working 
on an NSF-funded project to develop 
a test that we can give general 
biology majors at different points as 
they move through the curriculum to 
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Broadening horizons: Most doctoral programs train students for research careers in academia 
but a new NIH program is funding the development of new programs that provide training for a 
variety of career paths, such a science documentary film maker. (Photo: Wikimedia Commons.)measure their understanding of the 
‘big ideas’ of biology.  This test is 
intended to answer the question — 
how much ecology [for example] 
does a general biology student know 
and can general biology majors see 
the common themes that exist in 
biology regardless of whether we are 
talking about cells or ecosystems.” 
Brownell added that pilot tests are 
currently being developed at Arizona 
State, the University of Washington, 
CU Boulder, the University of Maine, 
and the University of Nebraska 
Lincoln, but will be expanded to 
15 universities in the spring, with 
the goal of having a test that any 
institution could use by 2016.
Resistance to change
It would seem contradictory that 
those charged with teaching the next 
generation of biologists — active 
scientists — would be resistant to 
changing their teaching style in the 
face of an overwhelming mountain 
of evidence accumulated through 
the use of the scientific method. 
But that is where we are. This was 
noted previously by a group of HHMI 
biologists in an Op-Ed piece in 
Science entitled “Changing the Culture 
of Science Education at Research 
Universities”, in which they outlined 
several possible causes and solutions 
(Anderson et al. (2011). Science 331, 
152–153). The authors, for example, 
wrote, “Formal criteria for tenure and promotion typically indicate that 
teaching and scholarship carry equal 
weight. The reality, however, is that 
most research-oriented universities 
promote faculty primarily on the 
basis of research achievements and 
ability to raise money from sources 
outside the university.” So, clearly, 
one possible reason for a lack of 
change is the failure to incentivize 
teaching. As described in the Science 
piece, several changes will be 
necessary. While today’s teachers 
need instruction on active learning 
techniques, which will presumably be 
aided by the efforts of PULSE, biology 
departments need to recognize the 
value of good teaching by factoring it 
into hiring and promotion decisions.
There is also another potential 
explanation for the failure to improve 
teaching at the university level. 
Kimberley Tanner, an education 
researcher at San Francisco State 
University, and Sara Brownell 
(mentioned above) speculated in a 
recent article in CBE—Life Sciences 
Education that there is an insidious 
culture on university campuses 
that looks down on scientists that 
take their teaching duties seriously 
(Brownell and Tanner (2012). CBE—
Life Sci. Ed. 11, 339–346). Tanner 
and Brownell further suggested that 
this attitude may have its roots in 
a professional identity developed 
early on when aspiring scientists first 
enter graduate school. These young students see that the scientists with 
the biggest labs and longest list 
of publications in top-tier journals 
receive all the accolades from their 
peers, and they perhaps judge this 
as the pinnacle of achievement. To 
help alter professional identities, 
Tanner and Brownell made several 
recommendations, including giving 
graduate students more opportunities 
to teach, even making it a requirement 
for graduation. In addition, they 
propose that education research 
be placed on an equal footing with 
biological research. This could be 
achieved in part if top-tier journals 
made the publication of education 
research a higher priority.
What to do with all these PhDs?
As mentioned, a key goal in the 
US and elsewhere is to produce 
more STEM degrees, as there will 
be strong demand in the future for 
these skill sets. It is hoped that 
approaches such as active learning 
will help keep students engaged, 
increasing the odds of a degree 
being placed in their hands at the 
end of four years. A fraction of 
these students will then go on to 
pursue higher level degrees in the 
life sciences. But there has been a 
growing realization in the US that 
doctoral programs in particular 
have been too narrowly focused 
on academic research, preparing 
students for a job that may be out 
of reach or poorly suited to them. It 
has always been the case that only 
a minority of graduated PhDs end up 
on the tenure track, but that number 
has steadily decreased to about one-
quarter of the PhD pool. These data 
suggest that more and more PhDs 
are ending up outside of campus 
walls. Recognizing this trend, the 
NIH’s Common Fund has launched 
an initiative called the Broadening 
Experiences in Scientific Training 
(BEST) program, which funds 
proposals for revamped doctoral 
programs that reflect the diverse 
career options open to biology PhDs.
Ten BEST awardees were 
announced in the fall of 2013, with 
seven more added this year. The 
programs themselves are varied 
but all have the goal of introducing 
students to various career paths 
early on in graduate school so that 
they can consider their options 
and better prepare for the future. 
While most of the awardees 
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involving small groups of students, 
the University of Massachusetts 
Medical School is one of the first to 
fully integrate their BEST program 
into their entire graduate program. 
As early as the recruiting stage, 
and then again in the first week 
of graduate school, students are 
introduced to a number of careers 
in the life sciences, ranging from 
work in pharmaceutical companies, 
to science publishing, and of course 
including academic research. 
Then, as part of their standard lab 
rotations and course work, the 
students take a ‘co-curriculum’ in 
which they learn broadly applicable 
skills, such as how to give a clear, 
compelling presentation, or how 
to write competently, for example, 
in the context of applying for a 
fellowship. And taking a page from 
the human resources department in 
the corporate world, there is even 
guidance on workplace dynamics, in 
which students learn about different 
personality types and how to work 
as part of a team. Importantly, all 
of these lessons are carefully timed 
to coincide with a real-life situation 
that utilizes these skills, such as a 
qualifying exam.
Again following on the corporate 
model, the students at UMMS are 
also required to devise an individual 
development plan, or IDP, after their 
qualifying exam. This tool, together 
with a minicourse on career paths 
that includes visits on campus by 
professionals in various fields, helps 
students further focus their interests 
on a specific career and creates a 
step-by-step map to help them land 
their dream job. In 2015, the UMMS 
BEST program will also be adding a 
‘learning community’ element. After 
their qualifying exams, students will 
join a group led by a ‘career mentor’ 
in their area of interest.
 While the UMMS BEST program 
is only a year old there are signs that 
it may be having a positive impact. 
Cynthia Fuhrmann, Assistant Dean of 
Career and Professional Development 
at UMMS says, “Our survey data 
suggest that students who took the 
mini-course were more likely to have 
taken specific action to advance 
their career, such as searching 
for scientists who could be good 
professional contacts. Students who 
took the course were also more likely 
to know where to go for information to support their career development 
and reported that such resources are 
easy to access.” Fuhrmann added, 
“Interestingly, several students were 
skeptical of the course at first. Third-
year students tend to feel that career 
planning is not a priority so early in 
training, and students wanting to 
pursue academic careers feared the 
course would be too focused on what 
they used to call ‘alternative careers’. 
But at the end of the course, 90% 
of students reported that they were 
glad they had participated. Students 
appreciated that the course pushed 
them to start thinking about their 
long-term career.”
Looking forward
At least in the US, what it means 
to have a biology degree is still 
enigmatic. With Vision and Change 
and the five core subjects, however, 
biology departments have a clear 
template to work with moving 
forward that should help develop 
a nationwide standard. And in 
the coming years, with the new 
assessment tools, they will be able to 
judge to what degree their students 
have mastered the core subjects and 
make necessary changes with the 
help of PULSE.
Less clear is how a move to active 
learning will be implemented. The 
data that active learning is effective 
are in hand and yet a culture that is 
resistant to change persists. Part 
of the problem may be a university 
culture that favors research over 
teaching, presumably because of the 
prestige associated with advances 
in biomedicine, but also because of 
the research dollars attracted to the 
campus. One solution that seems 
to have emerged is to find a way to 
attach value to teaching activities 
by professors during hiring and 
promotion. Unfortunately, as can 
be seen by the lower wages made 
by primary school teachers in the 
US compared with the rest of the 
developed world, teachers in general 
are undervalued. If this culture can be 
somehow be changed, however, we 
have tools in hand to better educate 
students and instill a passion for 
biology. And through programs like 
BEST, we may have a fresh crop of 
PhDs with the skills in hand to teach 
them.
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Understanding vision is one of the 
central goals of neuroscience. Over 
the past two or three decades, there 
has been an explosion of research 
into the mechanisms of human 
and primate vision. Computational 
modelling has been of critical 
importance in making sense of 
the data, allowing researchers to 
draw generalisable conclusions 
and relate experimental findings 
to wider principles of information 
processing. Li Zhaoping’s new book, 
Understanding Vision, offers a detailed 
and comprehensive introduction to 
this computational approach to vision 
research. It will be a valuable guide 
to anyone who wants to learn about 
the cortex as a mechanism designed 
to process information efficiently. 
It provides a wealth of examples 
from human and animal experiments 
to illustrate the computational 
principles. But this book is not for 
the mathematically faint-hearted. To 
appreciate it, you will need to take 
in at least some of the equations. 
Nowadays, a remarkable number of 
researchers in neuroscience have 
a background in physics, maths or 
engineering and, for them, this book 
is an ideal bridge to the world of 
biological information processing.
The central claim is that vision is 
composed of three stages: encoding, 
selection and decoding. Zhaoping 
illustrates all of these using examples 
from the primary visual cortex, V1, 
which is the first area of cortex that 
receives visual input and also the 
area that Zhaoping has studied 
most intensively in her research. Not 
everyone would agree that vision is 
best described as encoding, selection 
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